S ixty-five million years have passed since mouse and man shared a common ancestor. The principles of evolution, as well as the scientific literature, suggest that there are many similarities between both mammal species but also significant differences. Humans are definitely no 75 kg mice, 1 but is it true that "the mouse model has been totally misleading for at least three major killers-sepsis, burns, and trauma," as the New York Times concluded after the publication of a study by Seok et al? 2 By looking at transcriptional responses of blood cells, this study found "that, although acute inflammatory stresses from different etiologies result in highly similar genomic responses in humans, the responses in corresponding mouse models correlate poorly with the human conditions and also, one another."
The results of the Seok et al 2 study are by no means surprising or new, 3 but they nevertheless carry an important message for experimental stroke research. The authors used male mice of the C57 BL/6J strain, which is exquisitely resistant to sepsis: more than one million-fold doses of endotoxin are required to cause shock in this mouse strain. The mice are inbred and raised under specific pathogen-free conditions, so at the time of the study, the 8-week-old mice had a naive and immature immune system.
In contrast, rodents are as sensitive to focal cerebral ischemia as humans. The evolution of the infarct and surrounding penumbra has similar temporal and histopathologic dynamics, and the time windows for thrombolysis after embolic stroke are practically identical. 4 I think that there are at least 4 separate lines of evidence indicating that rats and mice share a common pathophysiology of inflammation and immunity after focal cerebral ischemia and that this is true for brain tissue proper, as well as for the stroke-induced responses of peripheral organs.
Brain tissue damage after stroke results in the homing
of blood leukocytes to the brain and their transmigration across brain endothelial barriers. Although the functional consequences of this complex inflammatory response, which involves cells of both the innate and the adaptive immune systems, remain controversial and poorly understood, histopathologic investigation of rodent and human brains has revealed similar findings. 5 2. Noninvasive brain imaging in patients with stroke, in particular with positron emission tomography and the microglial marker PK-11195, has demonstrated temporal and spatial activation patterns similar to those found with invasive, histological methods in rodent models of stroke. 3. The current quest for blood biomarkers in patients with stroke has revealed several inflammatory proteins, which appear to be robustly upregulated and to correlate with stroke severity, outcome, or subtype. These include, among many others, interleukin-6, matrix metalloproteinase-9, tumor necrosis factor-α, and monocyte chemoattractant protein-1. Because of the availability of more invasive and direct assays, blood biomarkers have been studied much less in rodents-and particularly much less in mice-than in humans. However, where parallel evidence is available (eg, for the 4 proteins mentioned above), upregulation of the same inflammatory proteins in the blood has been shown in mice and man. 4. Stroke leads to a rapid downregulation of the cellularity and functionality of the peripheral immune system (stroke injury-induced immunodepression, SIDS). This was first described in patients with stroke in the 1970 and then rediscovered in the mouse in 2003. 6 Several recent studies in patients and experimental models demonstrate that the characteristics and functional consequences of SIDS (eg, poststroke infection) are similar in mice and man.
Stroke research has a dismal record when it comes to translating its findings into novel and effective therapies. Several hundred clinical trials have been unable to replicate neuroprotection, which was highly effective in rodents. In line with Seok et al, 2 this may be a result of fundamental differences between rodent and human stroke pathophysiology. However, there are other possible reasons for translational failure in
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September 2014 stroke research, which include a lack of internal (eg, bias) and external (eg, lack of comorbidities, young age) validity in experimental stroke research but also weaknesses in clinical trial design (eg, wrong time window). In a recent article, we summarized potential reasons for the translational roadblock in stroke research and argued that despite the current nihilism, preclinical stroke research can successfully predict human pathophysiology, clinical phenotypes, and therapeutic outcomes.
7
I would like to propose that when it comes to modeling immunity and inflammation in stroke, we trust mice more than we trust stroke researchers. Among many other relevant insights, immunologic research in mice by George Snell led to the discovery of the major histocompatibility complex and, ultimately, successful organ transplants. To me, the important (hypothetical) question here is should we expect identical transcriptomic profiles when we compare blood samples from a cohort of adolescent, identical, male human twins, raised in 6 m 2 isolator tents, fed with granola, and a cohort of elderly or senescent, multimorbid retired persons of both sexes on various drug regimens?
In summary, the physiology and pathophysiology of rodents is sufficiently similar to humans to make them a highly relevant model organism but also sufficiently different to mandate an awareness of potential resulting pitfalls. In any case, before hastily discarding highly relevant past, present, and future findings, experimental stroke research needs to improve dramatically its internal and external validity to overcome its apparent translational failures.
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